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Abstract. – The messaoudensis-trifidum acritarch microflora is currently considered to be characteristic of latest
Tremadocian-earliest Arenigian cold-water environments on the periphery of Gondwana, at high latitudes in the south-
ern hemisphere. Integrated biostratigraphical studies on both acritarchs and graptolites are available from two areas of
peri-Gondwana, the Lake District (northwestern England) and the Sierra Morena (southwestern Spain). The assemblage
was also recorded from other areas on the northern border of the Gondwana continent where macrofossils are generally
not available : from southern Ireland, the Isle of Man, southern Wales, the island of Rügen in northern Germany, the
Prague Basin in the Czech Republic, and southern Turkey. While it appears that the messaoudensis-trifidum acritarch as-
semblage is limited to cold-water environments in localities on the periphery of Gondwana, some of its elements can be
found in other areas. Some taxa, but not the complete assemblage, have been identified in the eastern Cordillera of Ar-
gentina, and some species of the assemblage are cited from continents which were situated at intermediate latitudes in
warmer waters : some elements of the assemblage are described from localities of Baltica (from Norway, Estonia and
the St. Petersburg area in northwestern Russia) and from the Yangzte Platform in southern China. In these regions, typi-
cal representatives of the messaoudensis-trifidum assemblage co-occur with taxa typical of temperate and warm-water
areas.
The present paper reports the discovery of the messaoudensis-trifidum acritarch assemblage in the Lierneux
Member (Stavelot Inlier, Belgium). The Lierneux Member, which constitutes the uppermost part of the Jalhay Forma-
tion (formerly Salmian 1c) in the Stavelot Inlier, was first dated as late Tremadocian by Vanguestaine [1992a]. Follow-
ing recent stratigraphical conclusions based on the detailed investigations of the messaoudensis-trifidum assemblage
from different sequences of peri-Gondwana, the age of the Lierneux Member recovered from the Chevron borehole in
the Stavelot Massif can now be confirmed as being probably latest Tremadocian. The discovery of the
messaoudensis-trifidum assemblage in the Stavelot Inlier provides further evidence for the palaeogeographical distribu-
tion of the assemblage on the northern border of Gondwana and allows tentative correlations between eastern Belgium
and northern Germany.
Les acritarches de l’Ordovicien inférieur du Membre de Lierneux (“massif” de Stavelot,
Belgique) : stratigraphie et paléobiogéographie
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Résumé. – L’assemblage à acritarches, dénommé messaoudensis-trifidum, d’abord défini comme “trifidum flora” dans le
Lake District (nord-ouest de l’Angleterre), est caractéristique de latitudes élevées et donc d’environnements d’eau
froide dans l’hémisphère sud en bordure de Gondwana. Cette association charactéristique est datée du Trémadocien ter-
minal et de l’Arénigien inférieur [Molyneux and Rushton, 1988].
Des études biostratigraphiques intégrées, combinant les acritarches et les graptolites, ont été réalisées dans le
nord-ouest de l’Angleterre (Lake District) et dans le sud-ouest de l’Espagne (Sierra Morena). Mais l’assemblage est
également connu dans d’autres régions de péri-Gondwana où un contrôle biostratigraphique par graptolite fait générale-
ment défaut : le sud-est de l’Irlande, l’île de Man, le sud du Pays de Galles, le nord de l’Allemagne (île de Rügen), le
bassin de Prague en Tchéquie, et le sud de la Turquie.
Quelques éléments de l’assemblage, mais pas leur totalité, ont été trouvés dans la cordillère orientale d’Argen-
tine, qui faisait également partie du continent Gondwana, ainsi que dans des régions situées sur d’autres paléocontinents
localisés dans des latitudes intermédiaires, tels que Baltica (observation de certains taxons de l’assemblage messaou-
densis-trifidum en Norvège, en Estonie et dans la région de Saint Pétersbourg en Russie) et la Chine du Sud
(plate-forme de Yangtze). Dans ces régions, des représentants typiques de l’assemblage coexistent avec des taxons
d’eaux tempérées et d’eaux chaudes.
Dans le sondage de Chevron, situé dans la partie occidentale du “massif” de Stavelot, l’analyse palynologique
d’une série d’échantillons de la partie supérieure de la Formation de Jalhay, Membre de Lierneux, précédemment connu
sous l’appellation Salmien1c, a fourni, parmi d’autres, les taxons d’acritarches suivants : Acanthodiacrodium ?dilatum,
des intermédiaires entre Acanthodiacrodium et Coryphidium, Caldariola glabra var. glabra, Coryphidium sp., ?C. mes-
saoudensis var. inconnexa, Stellechinatum sicaforme, Stelliferidium trifidum, Striatotheca sp., Vardovella areniga, ainsi
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que des représentants triangulaires et rectangulaires du genre Veryhachium (V. trispinosum group et V. lairdii group).
Ces éléments ont permis de reconnaître formellement l’association à messaoudensis-trifidum pour la première fois en
Belgique.
Le Membre de Lierneux, qui fait partie du Groupe de la Salm, avait d’abord été daté du Trémadocien supérieur
[Vanguestaine, 1992a] sur la base de la signification stratigraphique des espèces citées ci-dessus dans le Trémadocien
du Shropshire et le Trémadocien-Arénigien du Lake District. Il était estimé, dans cette dernière publication [Vangues-
taine, 1992a], que la position stratigraphique du Membre de Lierneux était intermédiaire entre celle des deux localités
anglaises précitées. Cette interprétation revient à considérer l’antériorité de l’assemblage belge par rapport à celui de la
formation de Watch Hill dans le Lake District, bien que l’éventualité de leur équivalence avait été aussi envisagée [Van-
guestaine, 1992a]. La synthèse des récentes investigations relatives à la composition de l’assemblage à messaouden-
sis-trifidum, non seulement en Angleterre mais aussi dans les diverses régions où elle est reconnue, conduit à une
nouvelle interprétation : l’appartenance de l’association de Chevron à l’assemblage à messaoudensis-trifidum. Cette in-
terprétation a pour conséquence de restreindre l’étendue de la datation précédemment proposée [Vanguestaine, 1992a] à
un intervalle de temps très probablement limité à la partie la plus supérieure du Trémadocien. La précision de cette data-
tion tient au fait que la section de référence dans le Lake District anglais a été subdivisée en cinq sous-assemblages. Les
quatre premiers sous-assemblages sont d’âge Trémadocien supérieur. Le cinquième correspond très probablement à de
l’Arénigien inférieur. A Chevron, les acritarches sont à rapprocher du troisième sous-assemblage du Lake District. Il
faut cependant noter que cette section pourrait présenter une lacune stratigraphique impliquant l’absence de certaines
couches à la limite entre le Trémadocien et l’Arénigien. S’il en est bien ainsi, la succession des cinq sous-assemblages
d’acritarches décrites en Angleterre serait incomplète et partiellement ininterprétable en termes chronostratigraphiques
pour définir avec précision la limite Trémadocien-Arénigien.
Par ailleurs, l’assemblage observé en Belgique montre de très grandes similitudes avec le matériel de l’associa-
tion à messaoudensis-trifidum décrite dans la Sierra Morena, matériel qui est clairement daté comme étant du Trémado-
cien supérieur par graptolites. En plus, une forte analogie existe également avec le matériel de l’île de Rügen (nord de
l’Allemagne), qui provient d’une séquence qui est datée également comme du Trémadocien supérieur par chitinozoai-
res.
L’âge de la partie supérieure du Membre de Lierneux, dans laquelle est trouvée l’association décrite ici, corres-
pond bien par conséquent à du Trémadocien supérieur.
Le présent travail confirme par ailleurs les conclusions paléobiogéographiques de Servais et Molyneux [1997]
concernant la distribution de l’assemblage messaoudensis-trifidum et complète par l’addition d’une localité supplémen-
taire, la carte de distribution paléogéographique du même assemblage [Servais et Mette, 2000]. Ainsi, l’assemblage
messaoudensis-trifidum est actuellement connu dans plusieurs localités de la bordure du continent Gondwana, à des
hautes latitudes de l’hémisphère sud.
Une comparaison entre les successions de couches ordoviciennes dans la partie orientale d’Avalonia, fait ressortir
aussi la probable équivalence entre la partie supérieure de la formation belge de Jalhay et la formation de Varnkevitz
dans le sous-sol de Rügen, en Allemagne du Nord.
INTRODUCTION
Since the description by Molyneux [in Molyneux and
Rushton, 1988] of an acritarch assemblage from the Watch
Hill Formation of the Skiddaw Group in the English Lake
District, first named “trifidum flora” by Fortey et al. [1991]
and subsequently called the “messaoudii-trifidum assem-
blage” [Cooper et al., 1995] and “messaoudensis-trifidum
assemblage” [Servais and Molyneux, 1997], more strati-
graphical information about the age of this assemblage has
been obtained from other formations in the same area. Ori-
ginally attributed to an undifferentiated latest Tremadocian-
earliest Arenigian interval [Molyneux and Rushton, 1988],
detailed investigations in the Skiddaw Group have enabled
the distinction of five sub-assemblages of this microflora in
the Bitter Beck, Watch Hill and lower Hope Beck forma-
tions [Cooper et al., 1995], and have provided an integrated
graptolite and acritarch biozonation. Based on this study, it
has been demonstrated that the “messaoudensis-trifidum as-
semblage” spans an interval from the latest Tremadocian
age Araneograptus murrayi and ? Hunnegraptus copiosus
graptolite biozones to the earliest Arenigian age
Tetragraptus phyllograptoides Biozone (equivalent to the
Tetragraptus approximatus biozone of Australasia).
Following its original description from the English
Lake District the “messaoudensis-trifidum assemblage” has
been reported from other areas : south Wales [Molyneux
and Dorning, 1989], southwestern Spain [Mette, 1989;
Servais and Mette, 2000], the Czech Republic [Fatka, 1992;
1993], Turkey [Dean and Martin, 1992; Martin, 1996],
northeastern Germany [Servais and Katzung, 1993; Servais
and Eiserhardt, 1995; Servais and Molyneux, 1997], south-
ern Ireland [Connery and Higgs, 1999; Todd et al., 2000].
Elements of this assemblage are also known from the Isle of
Man [Molyneux, 1999], southeastern Germany [Heuse et
al., 1994], western Germany [Ahrendt et al., 2001], Norway
[Ribecai et al. 1999], Estonia [Volkova, 1993], Russia
[Raevskaya, 1999], China [Brocke, 1997] and Argentina
[Rubinstein et al., 1999].
By compiling all available information, Servais and
Molyneux [1997] concluded that the “messaoudensis-
trifidum assemblage” was typical of the northern margin of
Gondwana at high southern latitudes (> 60o). According to
Servais and Mette [2000] the characteristic “messaoudensis-
trifidum assemblage” has never been recorded from warm
water environments close to the Equator (e.g. Laurentia,
Australia). Localities in intermediate latitudes at about
20-40o S (e.g. south China and Baltica) may include some
elements of the “messaoudensis-trifidum microflora” but
not the complete assemblage.
A very similar microflora, containing most of the spe-
cies of the typical “messaoudensis-trifidum assemblage”
has been recorded from the Lierneux Member, at the top of
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the Jalhay Formation, Salm Group, in the Chevron Bore-
hole, Stavelot Inlier, Belgium [Vanguestaine, 1986, 1992a].
One of the typical and eponymous species, Stelliferidium
trifidum (RASUL, 1974) was described as Priscogalea
chevronensis by Vanguestaine [1974]. Vanguestaine [1992a,
1992b] attributed a late Tremadocian age to the microflora.
The aim of the present paper is to reconsider the
biostratigraphy and analyse the paleobiogeography of the
acritarch assemblage from the uppermost part of the
Lierneux Member, in the light of recent results from other
areas. Regional and international correlations, especially in
the eastern part of eastern Avalonia, are also considered.
GEOLOGICAL SETTING AND PREVIOUS
STUDIES
Overview of the stratigraphy of the Stavelot Inlier
The Stavelot Inlier is one of the inliers in the French-Bel-
gian-German Rhenish Slate Mountains (“Massif Schisteux
Rhénan” or “Rheinisches Schiefergebirge”) in which lower-
most Palaeozoic rocks crop out (fig. 1). The sediments of
the Stavelot Inlier are dated, mostly by acritarchs, as be-
longing to the Cambrian and Ordovician [for a summary see
Vanguestaine, 1992a]. Up to now Precambrian and Silurian
sediments are not determined within the inlier. Three major
lithological entities have been recognised, from base to top,
the Deville, the Revin and the Salm groups, subdivided in
formations and members [Geukens, 1999 ; Verniers et al.,
2002].
Stratigraphy of the Salm Group
The stratigraphical scheme currently used for the Salm
Group is based mainly on the intensive field investigations
of Geukens [e.g. 1999]. This stratigraphical scheme is cur-
rently under revision and will be ratified by the Belgian Na-
tional Committee of Stratigraphy [Verniers et al., 2002].
The Salm Group comprises three formations, from base
to top : the Jalhay, Ottré and Bihain formations (fig. 2).
They roughly can be distinguished from each other by their
rock colour. The Ottré Formation comprises pink coloured
sediments while the colour of the other formations varies
from green to dark grey. In addition, the Ottré Formation in-
cludes lithologies unknown in the other two formations :
manganiferous strata in the low grade metamorphic part of
the inlier and “coticules” (i.e. a rock composed of manga-
nese garnet and sericite minerals) which are more common
in the more metamorphic parts of the Stavelot Inlier.
The Jalhay Formation is composed of blue-green slates,
sandstones and silty slates, historically named “quartzophyllade”
in the Belgian literature. This unit was previously called
“Salmian 1” (abbreviation Sm1), and was subdivided into
three members, from base to top, the Solwaster (abbreviation
Sm1a or SLW), the Spa (abbreviation Sm1b or SPA) and the
Lierneux (abbreviation Sm1c or LIE) members. From a
lithological point of view, these members are defined as fol-
lows [Geukens, 1999] :
– Solwaster Member : dark green-blue “quartzophyllades”,
black or green-blue slate with sandstone beds at the base con-
taining black shale fragments ;
Bull. Soc. géol. Fr., 2002, n
o
6
EARLY ORDOVICIAN ACRITARCHS IN BELGIUM 563
FIG. 1. – Left : location of the Brabant Massif and the Belgian inliers in the Ardenne, including the Stavelot Inlier which extends into western Germany.
Right : geological map of the lithological units in the Stavelot Inlier and position of the Chevron borehole.
FIG. 1. – Gauche : localisation du Massif du Brabant et des “massifs” de l’Ardenne, dont le “massif” de Stavelot en Belgique et dans la partie ouest de
l’Allemagne. Droite : cartographie des groupes lithologiques et lieu d’implantation du sondage de Chevron.
– Spa Member : dark blue-coloured, grey and greenish
grey, sandy “quartzophyllades”. Many sandstone beds have
characteristic sedimentary structures (slumping, convoluted
bedding and cross bedding) ;
– Lierneux Member (in the Chevron area) : olive green
clayey “quartzophyllades” with sandstone beds.
The Chevron borehole
The Chevron borehole was drilled by the Geological Survey
of Belgium during the 1960s, in order to determine the ex-
act stratigraphic level and thickness of a manganiferous
layer within the Ottré Formation. This layer, reaching up to
0.7 metres thick at some localities, was intensively mined
up to the beginning of the last century.
The precise location of the borehole and the description
of the core are given in Graulich [1966]. About 22.4 metres
of the Lierneux Member were drilled in the Jalhay Forma-
tion below the Ottré Formation, between the depths of
198.5 m and the terminal depth of 224.10 m. The strata now
referred to the Lierneux Member, or Sm1c, were termed
Sm1b by Graulich [1966]. The latter described the strata of
the Lierneux Member as green silty and laminated slates
(“quartzophyllades”) alternating with thin bedded sand-
stones and very thin, millimetre to centimetre thick layers
of grey to black slates. All available strata of the latter li-
thology (grey to black slate) have been sampled for
palynological analysis.
Previous palynological works
Four of the six available samples (depths 204, 210.50, 217
and 218 m) were previously studied by Vanguestaine [1973]
the main results of which are published in Vanguestaine
[1974]. The studied samples yielded an assemblage that de-
fined “zone 8”, based on the first occurrence of the newly
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FIG. 2. – Correlation scheme of the lithological units of the Stavelot Inlier and other parts of the eastern end of eastern Avalonia. British chronostratigra-
phy after Fortey et al. [2000]; Brabant Massif stratigraphy after Servais et al. [1993] and Samuelsson and Verniers [2000]; Condroz (Bande de
Sambre-et-Meuse) stratigraphy after Servais and Maletz [1992]; stratigraphy of the Stavelot Inlier (Salm Group, formations and members) following Ver-
niers et al. [2002]; Ebbe Anticline stratigraphy after [Samuelsson et al. 2002a]; stratigraphy of the subsurface of the Rügen island after Servais et al.
[2002]; Pomeranian Ordovician (northwestern Poland) after Samuelsson et al. 2002b].
FIG. 2. – Schéma de corrélation entre les unités lithologiques du “massif” de Stavelot et d’autres régions de la partie orientale d’eastern Avalonia. Chro-
nostratigraphie britannique d’après Fortey et al. [2000]; stratigraphie du Massif du Brabant d’après Servais et al. [1993] et Samuelsson et Verniers
[2000]; stratigraphie du Condroz (Bande de Sambre-et-Meuse) d’après Servais et Maletz [1992]; stratigraphie du “massif” de Stavelot (Groupe de la
Salm, formations et membres) selon Verniers et al. [2002]; stratigraphie de l’anticlinal d’Ebbe d’après Samuelsson et al. [2002a]; stratigraphie du
sous-sol de Rügen d’après Servais et al. [2001]; Ordovicien de Poméranie (nord-ouest de la Pologne) selon Samuelsson et al. [2002b].
described species Priscogalea chevronensis VANGUESTAINE,
1974, other galeate forms such as Priscogalea stelligera and
P. cf. striatula, and different species of Veryhachium includ-
ing trispinose morphotype called Veryhachium primaevum.
At that time, an undifferentiated Tremadocian age was
given to the investigated strata.
Vanguestaine [1986, p.73] indicated that Priscogalea
chevronensis VANGUESTAINE, 1974 was a junior synonym
of Stelliferidium trifidum RASUL, 1974. The second specific
epithet published in April 1974 clearly has priority over the
former one, which was published six months later, in Octo-
ber 1974. Additional information concerning the taxonomic
composition of the acritarch assemblage from zone 8 of
Vanguestaine [1974] was also provided.
Vanguestaine [1992a], based on an examination of two
supplementary samples from the Chevron borehole (201 m
and 202 m), and following a review of the previously inves-
tigated palynological slides, recognised several species
which are considered to be characteristic of the Watch
Hill Formation [Molyneux and Rushton, 1988] : Acantho-
diacrodium ? dilatum, Coryphidium sp., Stellechinatum
sicaforme, Stelliferidium trifidum, Tetraniveum arenigum, and
Veryhachium lairdii. However, neither Cymatiogalea
messaoudensis nor Cymatiogalea deunffii were determined
with certainty. Taking into account species present and ab-
sent from the assemblage, he concluded that the uppermost
part of the Lierneux Member could be correlated tentatively
with a level considered to be intermediate between the up-
per Tremadocian of Shropshire [Rasul, 1979], containing
Stelliferidium trifidum, and the Watch Hill Formation of the
Lake District [Molyneux and Rushton, 1988] containing the
whole assemblage of the messaoudensis-trifidum microflora.
As the Watch Hill assemblage was placed at that time in a
late Tremadocian-early Arenigian time interval, Vanguestaine
[1992a] proposed a late Tremadocian age for the Belgian se-
quence. Vanguestaine [1992b] adopted the stratigraphical
conclusion reached in Vanguestaine [1992a].
NEW PALYNOLOGICAL RESULTS
A detailed study of the acritarch assemblage from the six
fossiliferous samples in the upper part of the Lierneux For-
mation, and their monographic description, are currently
being undertaken. It is beyond the scope of this paper to de-
scribe the different taxa and compare their morphology and
distribution with specimens from other areas. Recent and
previous observations have enabled identification of the fol-
lowing taxa :
Acanthodiacrodium angustum ; A.? dilatum ; Acantho-
diacrodium-Coryphidium transients ; ?Baltisphaeridium ? sp. 1
in Servais and Molyneux [1997] ; Caldariola glabra var.
glabra ; Coryphidium sp. ; ?C. messaoudensis var. inconnexa ;
Cymatiogalea spp. ; Micrhystridium sp. cf. M. morenensis ; Pirea
sp. ; Polygonium spp. ; Stellechinatum sicaforme ; Stelliferidium
trifidum ; S. sp 2 in Servais and Eiserhardt [1995] ; Tectitheca sp. ;
Striatotheca sp. ; Vavrdovella areniga ; Veryhachium sp. cf V.
lairdii group ; V. sp. cf. V. trispinosum group.
In addition, the palynological slides also contain
chitinozoa fragments, as well as scolecodonts, which have
not been determined. Differences in composition between
the six samples are not discussed in the present paper, pend-
ing subsequent observations.
STRATIGRAPHICAL IMPLICATIONS
Age of the investigated unit
The paleontological data reported in Molyneux and Rushton
[1988] have been supplemented by additional work in the
Lake District [Cooper and Molyneux, 1990 ; Cooper et al.,
1995]. These studies led to sudivision of the “messaoudensis-
trifidum assemblage” into five sub-assemblages based on the
successive appearance and progressive disappearance of
acritarch species [Cooper et al., 1995]. Sub-assemblage 1,
recovered from the Bitter Beck Formation, contains all
characteristic taxa of the “messaoudensis- trifidum assem-
blage” together with species of the Veryhachium lairdii
group. Sub-assemblage 3 shows the appearance of species
of Striatotheca, Coryphidium and triangular veryhachids.
The other acritarch species typical of the sub-assemblages 2,
4 and 5 in the English Lake District have not been recorded
from the Stavelot Inlier, however. A tentative correlation of
the Lierneux Member with the lowermost part of the se-
quence of the English Lake District (sub-assemblages 1-3)
can thus be proposed. Furthermore, as some of the distinc-
tive species of the English sub-assemblage 3 are observed in
the Belgian samples (Striatotheca sp., Coryphidium sp.,
Veryhachium sp. cf. V. trispinosum group), an approximate
correlation with this sub-assemblage can be proposed. How-
ever, subsequent investigations are needed to strengthen the
arguments for such a correlation.
Graptolites findings in several localities of the English
Lake District provided an integrated acritarch/graptolite
biozonation. According to Cooper et al. [1995], sub-assem-
blage 1, on one hand, and sub-assemblages 2 and 3, on the
other hand, would correspond respectively to the Araneograptus
murrayi and the Hunnegraptus copiosus graptolite biozones, al-
though the latter species has not been recorded in the Lake Dis-
trict. Both biozones are clearly of a pre-Tetragraptus
phyllograptoides Biozone age and thus should be consid-
ered of latest Tremadocian age.
According to Molyneux (pers. comm. in Servais and
Mette [2000]), it is probable that the murrayi Biozone ex-
tends into the base of the Lake District Hope Beck Forma-
tion. As Tetragraptus phyllograptoides, characterizing the
basal Arenigian, occurs in the same formation, this implies
that the Tremadocian-Arenigian boundary could lie within
the Hope Beck Formation, higher than previously thought
by Cooper et al. [1995]. As a consequence, the copiosus
graptolite Biozone could be missing in the Lake District and
possibly some parts of the adjacent graptolite biozones, i.e.
parts of the murrayi and phyllograptoides biozones. This
might mean that the succession of acritarch sub-assem-
blages in Cooper et al. [1995] may include a hiatus at the
Tremadocian-Arenigian boundary. Therefore, the exact sig-
nificance of the acritarch sub-assemblages from northern
England determinating in the correlation of the
Tremadocian-Arenigian boundary remains somewhat un-
clear, although it appears today that the acritarch sub-as-
semblages 1-4 are pre-Arenigian in age (Molyneux,
pers.com).
The “messaoudensis-trifidum assemblage” is also fully
recognised in the subsurface of the Rügen Island, NE Ger-
many [Servais and Molyneux, 1997]. Comparisons with
acritarchs from the English Lake District indicated a corre-
lation with sub-assemblages 1-3 of Cooper et al. [1995].
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This correlation has been confirmed by investigations on
chitinozoans from Rügen that indicate a late Tremadocian
age [Samuelsson et al., 2000; Servais et al., 2001]. The
Rügen and Belgian assemblages both contain specimens of
Striatotheca, the Veryhachium lairdii group, and transient
forms between Acanthodiacrodium and Coryphidium. How-
ever, typical Coryphidium have not been found at Rügen.
Another full record of the “messaoudensis-trifidum as-
semblage” was published by Servais and Mette [2000] from
the Barriga Shale Formation, Sierra Morena (SW-Spain),
dated by graptolites as latest Tremadocian (Araneograptus
murrayi and ? lower part of the Hunnegraptus copiosus
biozones). Accompanying taxa indicate here also a correla-
tion with sub-assemblages 2 or 3 of Cooper et al. [1995]. It
is important to note that Coryphidium was recorded in
Spain, together with Peteinosphaeridium, thus clearly dem-
onstrating that both genera appear before the Tremadocian-
Arenigian boundary. Micrhystridium morenensis METTE,
1989 firstly described in Spain, is probably also present in
Belgium.
In the lowermost part of the Klabava Formation, Czech
Republic, Fatka [1992, 1993] recorded several elements of
the “messaoudensis-trifidum assemblage” in a sample
which was independently dated by chitinozoa as latest
Tremadocian to earliest Arenigian age (A. conifundus
chitinozoa Biozone). Among the associated species, the
Veryhachium lairdii and V. tripinosum groups are present.
Table I compares the distribution of taxa in Belgium
and other localities, from which the dating, in several cases,
is not supported by independent biostratigraphy. A broad
similarity in the composition of the acritarch assemblages
of the different areas listed is evident which indicates that
the Belgian record belongs the “messaoudensis-trifidum as-
semblage”. The wide palaeogeographic dispersion of the
latter assemblage is also quite obvious.
In conclusion, the recovered assemblage clearly corre-
sponds to the “trifidum flora” [Fortey et al., 1991], which
was later named the “messaoudensis-trifidum assemblage”
[Servais and Molyneux, 1997]. The presence of
Coryphidium and Veryhachium indicate that the sediments
are not older than the latest Tremadocian. The correlations
with the sequences in Spain and northern Germany and with
the sub-assemblage 3 of Cooper et al. [1995] strongly sup-
port a pre-Arenigian, latest Tremadocian age. This conclu-
sion, while similar to the dating by Vanguestaine [1992a] as
late Tremadocian, is however slightly different. In
Vanguestaine [1992a] it was supposed, for the Belgian lo-
cality, a stratigraphical position below the Watch Hill For-
mation [Molyneux and Rushton, 1988] containing the
messaoudensis-trifidum assemblage. The equivalence with
the latter assemblage is favoured herein.
Geological implications
Due to the latest Tremadocian age indicated by acritarchs
for the topmost sequence of the Lierneux Member, the age
of the top of the Jalhay Formation is now rather well con-
strained. Moreover, the lower part of the Jalhay Formation,
the Solwaster Member, is characterized by the presence,
sometimes in great abundance, of the graptolite Rhabdinopora
flabelliforme, demonstrating an early Tremadocian age. In the
very basal part of the Solwaster Member type section,
Erdtmann [1986] has determined Rhabdinopora flabelliforme
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TABL. I. – Distribution of acritarch taxa of the “messaoudensis-trifidum
assemblage” in the Stavelot Inlier and in other localities. For references
about the latter, see the text.
TABLE I. – Distribution de divers taxons d’acritarches de l’assemblage à
“messaoudensis-trifidum” dans le “massif” de Stavelot et d’autres locali-
tés. Les références concernant ces dernières sont fournies dans le texte.
FIG. 3. – Distribution of the “messaoudensis-trifidum assemblage” on a pa-
laeogeographical reconstruction of the early Arenigian [after Servais and
Mette, 2000]. For explanation see text.
FIG. 3. – Distribution de l’assemblage à “messaoudensis-trifidum ” par
rapport à une reconstitution paléogéographique de l’Arénigien inférieur.
Pour des explications, voir le texte.
belgica, which allows correlation with strata very close to
the Cambro-Ordovician boundary. It appears therefore that
the Jalhay Formation approximately coincides with the en-
tire Tremadocian. However, as mid-Tremadocian strata have
not been recovered, there is no evidence that the
Tremadocian sequence is complete.
The Ottré Formation overlying the Jalhay Formation
within the Salm Group is consequently of latest Tremadocian
or younger age. Investigations on chitinozoans, first men-
tioned by Vanguestaine [1986, 1992b] in the Salm-Château
Member (upper part of the Bihain Formation, which is the
third formation of the Salm Group) are currently in progress
and may constrain the age of the entire Salm Group.
A correlation between the different units composing the
Salm Group in the Stavelot Inlier with selected Ordovician
units from the eastern part of Eastern Avalonia is presented
in figure 2. Sediments from the latest Tremadocian to earli-
est Arenigian have so far neither been recovered from the
Brabant Massif and the other Belgian inliers, nor from the
Ebbe Anticline in western Germany. However, the Lierneux
Member is the same age as the concealed Varnkevitz Forma-
tion from the subsurface of the island of Rügen, NE Ger-
many [Servais et al., 2001].
PALAEOGEOGRAPHICAL IMPLICATIONS
The localities from which the messaoudensis-trifidum as-
semblage, or most elements of it, have been reported are
plotted on a palaeogeographical reconstruction, illustrated
in figure 3. The localities include northern England
[Molyneux and Rushton, 1988 ; Cooper and Molyneux,
1990, Cooper et al., 1995 ; Molyneux, 1999], southern
Wales [Molyneux and Dorning, 1989], southern Ireland
[Connery and Higgs, 1999 ; Todd et al., 2000], northeastern
Germany [Servais and Katzung, 1993 ; Servais and
Molyneux, 1997], western Germany [Ahrendt et al., 2001],
Bohemia [Fatka, 1992,1993], southern Spain [Mette, 1989 ;
Servais and Mette, 2000], southern Turkey [Dean and Mar-
tin, 1992 ; Martin, 1996] and the present study in Belgium.
The distribution of the messaoudensis-trifidum assem-
blage appears to be climatically controlled, as the localities
from which most of the distinctive taxa of the assemblage
have been described were located at high latitudes (> 60o)
in the southern hemisphere during the early Ordovician. All
localities are situated in a latitudinal belt around the north-
ern rim of the Gondwana continent [Servais and Mette,
2000]. The locality investigated in this study also belongs to
this peri-Gondwanan area.
Other areas, located at lower (intermediate) latitudes,
may contain some taxa of the messaoudensis-trifidum as-
semblage, but not all of them. Such findings are docu-
mented from the Eastern Cordillera in Argentina
(Gondwanaland), Norway, Estonia and Russia (Baltica) and
the Yangtze Platform (South China Plate) [Rubinstein et al.,
1999 ; Ribecai et al., 1999 ; Raevskaya, 1999 ; Brocke,
1997].
CONCLUSIONS
The current state of knowledge of the acritarch assemblages
investigated from the samples of the Chevron borehole al-
lows the following conclusions :
(1) the messaoudensis-trifidum microflora is identified
in the Lierneux Member, which forms the uppermost part of
the Jalhay Formation within the Salm Group ;
(2) the fossiliferous part of the Lierneux Member is of
latest Tremadocian age on the basis of comparisons and cor-
relations with sequences from areas with independent
biostratigraphical control (by graptolites in the English
Lake District and the Sierra Morena, Spain; by chitinozoa
in Rügen, north-eastern Germany, and Bohemia).
(3) The Lierneux Member can be correlated
biostratigraphically with the Varnkevitz Formation in the
subsurface of Rügen, north-east Germany, an area that is
considered to be located at the eastern end of Avalonia.
(4) Palaeogeographically, the messaoudensis-trifidum
acritarch assemblage is distributed at the peri-Gondwanan
border in the southern hemisphere.
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